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Abstract 
We calculated energy-related carbon emissions from Beijing’s production and household sectors in 1995, 2000, 2005, 
and 2009 based on the default carbon-emission coefficients provided by the Intergovernmental Panel on Climate 
Change (IPCC). Taking 1995-2000, 2000-2005, and 2005-2009 as the study periods, we decomposed the effects of 
changes in carbon emissions resulting from 8 causal factors using the method of the Logarithmic Mean Divisia Index 
(LMDI). These causal factors include: economic activity and population size which reflect the effect of activity 
change; energy intensity and energy consumption per capita which reflect the effect of intensity change; economic 
structure, urban and rural population distribution structure, and energy mix of production and household sectors 
which reflect the effect of structural change. Our results can reflect the reason of carbon emissions changes and 
provide a solid basis for policy makers to propose emission reduction measures and approaches. 
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1. Introduction 
The 2007 report by Intergovernmental Panel on Climate Change (IPCC) maintains that energy-related 
carbon emissions account for the main portion of carbon emissions with energy consumption growth 
leading the way [1]. During the Copenhagen Climate Change Conference in 2009, the Chinese 
government proposed that carbon emissions per unit GDP in 2020 must be reduced by 40-45% compared 
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with 2005. As the capital of China, Beijing’s energy consumption has increased greatly with the rapid 
growth of the economy. The energy consumption increased from 5521.9×104 tce (tonne coal equivalent) 
in 2005 to 6570.3×104 tce in 2009; thus its average annual growth rate was 4.44% [2]. Therefore, 
conducting studies on the energy-related carbon emissions in Beijing can not only help the government to 
formulate emission reduction measures but also act as a role model across the country. 
Recent studies of accounting energy-related carbon emissions have focused on two levels, country [3-7] 
and city [8-11]. These studies generally consider four kinds of energy (coal, oil, natural gas, and 
electricity) and three production sectors (primary industry, secondary industry, and tertiary industry). 
Case studies on the country level include South Korea [3], India [4], Turkey [6], and China [5, 7]. Case 
studies on the city level include Beijing [10, 11], Shanghai [9], and 35 largest cities and four provincial 
cities in China [8]. In the existing studies, fewer types of energy are considered, leading to less accuracy 
in the accounting; meanwhile, the production sectors are roughly divided, and more detailed information 
about each sector’s carbon emissions and proportion is not obtainable. 
Factor decomposition of carbon emissions is virtually used to quantitatively decompose carbon 
emission changes into several factors’ contributions, according to different weight determination methods. 
Factor decomposition methods include Laspeyres, Logarithmic Mean Divisia Index (LMDI), Adaptive 
Weighting Divisia Index (AWD), Sun methods etc. Among these methods, LMDI is commonly used 
because of its robust theoretical foundations, strong adaptability, and perfect decomposition; no 
unexplained residual term appears in the results [12-14]. Studies on the factors that influenced carbon 
emissions have been applied to China [15-17], South Korea [18], 114 countries [19], Shanghai [20], 
Beijing [10] etc. In current research, the production sectors are generally divided into three or four sectors, 
and the factors that influence carbon emissions are usually economic activity, economic structure, energy 
intensity, and the energy mix of production sectors [10, 16, 18, 20]. Following the decomposition pattern 
of production sectors, the household sectors can be divided into urban and rural areas and the causal 
factors can be population size, urban and rural population distribution structure, energy consumption per 
capita, and the energy mix of household sectors. In present studies of factors that influence carbon 
emissions, the production sectors are divided roughly, so the results are not quite practical; there is still no 
detailed decomposition of both production and household sectors. 
The total energy-related carbon emissions and each sector’s emissions and proportion in Beijing are 
ambiguous, and the reason why carbon emissions grow is not clear. At present, no conclusions can be 
directly used in Beijing’s carbon emissions management. Therefore, it is urgent to account for Beijing’s 
energy-related carbon emissions and study the factors that influence the emissions. Combining with 
Beijing’s practical demand, this paper adopted raw data by detailed industries and energy types, 
decomposed energy-related carbon emissions of both the production and household sectors, and primarily 
studied the following three questions: (1) What are the total energy-related carbon emissions and each 
sector’s emissions and proportion in Beijing? (2) Which factors have an important role in the change of 
Beijing’s energy-related carbon emissions? (3) What measures should be taken to control Beijing’s 
energy-related carbon emissions? The solution of these questions will help policy makers to draw up 
feasible emission reduction policies, thereby enhancing the management efficiency of the city’s carbon 
emissions. 
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2. Data used and methodology 
2.1. Data collection 
We conducted an accounting for Beijing’s energy-related carbon emissions in both the production and 
household sectors. There are 6 production sectors, which are farming, forestry, animal husbandry, fishery, 
and water conservancy (primary industry); industry; construction; transport, storage, and post; wholesale, 
retail trade, hotel, and restaurants; other production sector. There are two household sectors including 
urban and rural areas. Output value data of production sectors at constant prices (base year 1995) and 
Population data of urban and rural areas were obtained from the Beijing Statistical Yearbook 1996 and 
2010 [2]. There are 22 kinds of energy, which include raw coal, cleaned coal, other washed coal, 
briquettes, coke, coke oven gas, other gas, crude oil, gasoline, kerosene, diesel oil, fuel oil, liquefied 
petroleum gas (LPG), refinery gas, natural gas, other petroleum products, other coking products, heat, 
electricity, biogas, stalks, and firewood. Energy consumption data were obtained from the China Energy 
Statistical Yearbook 1991-1996, 2000-2002, 2006, and 2010 [21]. We adopted final energy consumption 
from the energy balance table as the energy consumption of 6 production sectors and two household 
sectors. In addition, energy input of thermal power and heating supply were also added to the energy 
consumption of industry, in order to cover carbon emissions caused by energy transformation besides 
final energy consumption. The consumption of biogas, stalks, and firewood were added to the energy 
consumption of rural areas. Energy consumption data were converted into coal equivalents based on the 
standard coal-equivalent coefficients for different kinds of energy. These coefficients were obtained from 
the China Energy Statistical Yearbook 2010 [21]. 
 
In this paper, we assumed that energy was combusted completely to generate carbon emissions. 
Energy-related carbon emissions can be calculated based on the following formula: 
 
 
i
ii REC
                                                                                                                                     (1) 
where C represents energy-related carbon emissions; i represents different kinds of energy, i = 
1,2,3,...,22; Ei represents the consumption of energy kind i; Ri represents the carbon-emission 
coefficient for energy kind i. 
The carbon-emission coefficients for different types of energy were obtained from the 2006 IPCC 
Guidelines for National Greenhouse Gas Inventories [22]. Since the carbon emissions from the processes 
of electricity and heat generation were already calculated, and the utilization of electricity and heat does 
not cause carbon emissions, we theorized the carbon-emission coefficients of electricity and heat were 0. 
Energy consumption data of Beijing’s production and household sectors are shown. Non-energy use 
(industrial material) was subtracted from the final energy consumption of industry. Output value data of 
production sectors and population data of household sectors in Beijing are shown. 
 
2.2. The LMDI decomposition model 
Using the LMDI method, we decomposed energy-related carbon emissions from Beijing’s production 
and household sectors into eight driving factors: economic activity, economic structure, energy intensity, 
energy mix of production sectors, population size, urban and rural population distribution structure, 
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energy consumption per capita, and energy mix of household sectors. According to [23], Beijing’s 
energy-related carbon emissions can be formulated as follows: 
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where C represents energy-related carbon emissions; i represents different kinds of energy, i = 
1,2,3,...,22; j represents production sectors, j = 1,2,3,…,6; k represents household sectors, k = 1 
(urban area) or 2 (rural area); GDP represents the gross domestic product; Qj represents the 
output value of production sector j; Ej represents the energy consumption of production sector j; Eji 
represents the consumption of energy kind i of production sector j; Cji represents the carbon 
emissions caused by energy kind i of production sector j; Sj (economic structure) represents the 
proportion of GDP accounted for by the output value of production sector j; EIj represents the 
energy intensity (energy intensity) of production sector j; ESji (energy mix) represents the 
proportion of total energy consumption of production sector j accounted for by consumption of 
energy kind i; Rji represents the carbon-emission coefficient for energy kind i of production sector j; 
P represents the total population; Pk represents urban or rural population; Ek represent the energy 
consumption of urban or rural area; Eki represents the consumption of energy kind i of urban or 
rural area; Cki represents the carbon emissions caused by energy kind i of urban or rural area; Sk 
(urban and rural population distribution structure) represents the proportion of the total population 
accounted for by urban or rural population; EIk represents the energy consumption per capita of 
urban or rural area; ESki (energy mix) represents the proportion of total energy consumption of 
urban or rural area accounted for by consumption of energy kind i; Rki represents the carbon-
emission coefficient for energy kind i of urban or rural area. 
We assumed the carbon-emission coefficients for each energy source to remain constant (i.e., the 
carbon content of each kind of energy does not change); thus we did not consider the impact of these 
coefficients on carbon emissions. The changes in carbon emissions from the base year (year 0) to the 
targeted year (year T) can be expressed as follows: 
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where ΔC represents the change in carbon emissions from year 0 to year T; CT represents the 
carbon emissions in year T; C0 represents the carbon emissions in year 0; GDPC , jSC , jEIC , 
jiES
C , PC , kSC , kEIC , and kiESC  refer to the impacts of economic activity, economic structure, energy intensity, energy mix of production sectors, population size, urban and rural 
population distribution structure, energy consumption per capita, and energy mix of household 
sectors, respectively, on changes in carbon emissions. 
Additive decomposition of LMDI can be carried out as follows: 
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where superscripts 0 and T, respectively, denote values for year 0 and year T. 
3. Conclusions 
We considered energy-related carbon emissions of Beijing’s production and household sectors based 
on 22 types of energy. There are six production sectors and two household sectors, i.e., urban and rural 
areas. On this basis, we decomposed carbon emissions into 8 driving factors. These factors include: 
economic activity and population size, which reflect the effect of activity change; energy intensity and 
energy consumption per capita, which reflect the effect of intensity change; economic structure, urban 
and rural population distribution structure, and energy mix of production and household sectors, which 
reflect the effect of structural change. Our results can reflect the reason of carbon emissions changes, and 
provide a solid basis for policy makers to propose emission reduction measures and approaches. 
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In this study, we calculated Beijing’s energy-related carbon emissions, analyzed the underlying driving 
factors that influenced the emissions, and proposed specific emission reduction approaches, providing a 
basis for policy makers to develop effective emission reduction policies and measures. This study was 
carried out in a macro-level, and there are still several shortages in many aspects. For example, the 
production sectors were divided roughly; energy-related carbon emissions were calculated supposing 
energy was completely combusted. Among carbon emissions from energy transformation processes, we 
only considered carbon emissions from electricity and heat generation. In our future research on carbon 
emissions, we plan to divide production sectors more finely, adopt oxidation proportions when calculating 
emissions, and add carbon emissions from other energy transformation processes such as coal washing, 
coking, petroleum refineries, gas works etc. Moreover, besides energy-related carbon emissions, we will 
add carbon emissions from other production processes (e.g., cement production, iron and steel production, 
ammonia manufacturing), or other greenhouse gases (e.g., CH4 and N2O) to our study. 
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